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1 .  'J'lzaarctical P r o g r a m  on the F Region 
.._I_ 

5. S. Nisbet, J, Doupnik, D. McCrory,  M. Kwui 

Work has continued on theoretical  and experimental  r tudier 

U E  the physicB of the F region, Some of the problemr that have been 

rccniving part icular  attention ware 

1. 1 The Seasonal Effect on ''Winter Anomaly" 

It is  generally noticed that in the northern hamirphers  peak 

cIcctron denlritiee a r e  g rea t e r  during the day in winter than in 

@tamrner. 

lmcauaa i t  i a  wall known that the rat io  of the atomis: oxygen which 

control8 the production ra te  to the molecular conrlituants which 

T h h  affect i u  of courge comple tdy  inconclurive of itreli' 

taorttrnl  t h s  hrrr ra te  ir extremely altitude dependent and any effect 

which can C R U I B  ver t ica l  driftn c@n c o u m  large changcsr in the peak 

chmity ,  A lstudy made by Nirbst (1964) rhowed that thane shanger 

Intorprated on the barir of an equilibrium Inyer did in faot rppePrr t~ 

cormmpond t o  a t rue  difference in the intckgra!ted production and 

Intetgrwtrsd laee in the l ryo r ,  In fact i t  WBIJ rhown €&set QVBR at oem~ 

ratntionr where the peak densitieu in iummer end wintar W ~ P @  
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records  and uncertairitics resulted due to lack r ) l  iriformation on the! 

p r of 4. le. 

1 .  2 

Current  models of the neutral  atmosphere show large differeqces 

The Day to Night Anomaly - 

in the rat ios  uf the atomic oxygen to the molrcu lar  contjtituents day to 

night. When calculations a r e  made of the diffusion coefficient using 

stich models there  is a difference of a n  o rde r  of magnitude in the 

daytime arid nighttime values a s  h a s  been noticed b y  Risbbeth (1964), 

Nisbet (1963) and Nisbet arid Quinn (1965). ?‘he nighttime values 

measured  using cu r ren t  techniques have a l l  been milch lower than 

would be predicted theoretically. 

2. Results of Analysis 

To investigate these and other problems three  s e r i e s  of rneasure-  

ments  were conducted a t  the Aredibo Ionospheric Observatory. The 

prel iminary resu l t s  of these investigations were presented a t  the N A T O  

conference i n  E’inse in April. A s  copies of t h e s e  papers  have been 

submitted under separate  cover only the main t.onclusions will be 

siimrnarized he re .  

2. 1 In the daytime F region marked  instabilities in the electron 

tempera ture  and electron density can ocrur. These instabilities 

appear  as a coupled temperature  density f l u i  tuation with a period of 

the order  of a n  hour. The inechanism o f  t h t . s e  oscillations is of 

ex t reme in te res t  for  the study of  the rno r~ho logy  L J ~  the F region 

because they C a r l  r esu l t  in differences o f  the o rde r  of one hundred 

percent  in peak electron density be tween very s imi la r  magnetic 

and  solar quiet days. They a r e  of extreme i n t e r e s t  i n t h e  study of 

the physics v i  the: region because they m a y  a l low est imates  t o  be 

made of the production I.oas and diffusii)n coefficients independently. 
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which is not possible with equilibrium layers .  

the fluctuations is a l so  of interest  and the manner  in which they 

propagate is being studied. 

examine the extent to  which they a r e  coupled to the conjugate ionospheric 

regions. 

The mechanism for  

Investigations a r e  being made to 

2.  2 Direct evidence of coupling by photoelectrons was observed 

in  the winter nighttime measurements .  

the conjugate region was illuminated heating was shown t o  occur a t  

a l t i t d e s  above 300 k m  a t  Arecibo. 

by Carlson (1965) and has  been verified from his measurements  throug4- 

out the year .  

Whenever the ionosphere a t  

This effect has  l a t e r  been studied 

2. 3 It was shown that there is a production mechanism operating 

i n  the nighttime F region in winter. 

magnitude of this  effect by a comparison of the dawn production ra te ,  

the daytime equilibrium profile and the nighttime profiles. 

shown that a recombination rate  of only 1. 2 x l o l a  e lec t rons /m2 

would be sufficient to explain this resul t .  

at tr ibuted to the flux of photoelectrons, the extra  electron ion pa i rs  

produced by photoelectrons, and to the flux of electrons and ions 

along the field l ines due to the difference in the value of nkT a t  

e i ther  end, 

Es t imates  were  made of the 

It was 

This was tentatively 

2 . 4  Analyses based on summer  data a t  Arecibo using incoherent 

s ca t t e r  techniques tend to confirm the valuca of recombination 

coefficients measured  in summer  using the reduced ionograms. 

values of diffusion coefficient measured in this way were very low and 

again in agreement  with the ionograrn calculations. Because of equip- 

ment  difficulties the amount of usable s u m m e r  data was somewhat 

The 
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l imited from the 1964 s e r i e s  of measurements  and another s e r i e s  was 

conducted this summer .  

completely analyzed, 

The resul ts  of this s e r i e s  have not yet been 

It was determined that a feedthrough problem has existed in 

our  data and a considerable amount of t ime was spent reprocessing 

tape recordings made during the winter 1964 s e r i e s .  The technique 

used for  reducing the tape recorded data appears  

well and on subsequent vis i ts  to Arecibo i t  is intended to reprocess  

such of the summer  1964 data a s  was tape recorded,  

to  have worked 

J. Doupnik 

A paper writ ten with Dr. Nisbet was presented a t  the URSI 

meeting in Washington and a t  the NATO conference in Norway. 

submitted to J. G. R ,  and is now being revised with new calculations. 

It was 

Two weeks were  spent a t  Arecibo making measurements  on the 

equipment and of e lectron densities and tempera tures .  Theoretical  

spec t ra  fo r  a 40 ps pulse were calculated and used to determine the 

relative power lost  by the receiver  filters a s  a function of e lectron and 

ion temperature  and the ion m a s s .  

An e r r o r  in the r ada r  range of backscattering equation was 

discovered and the electron density profiles and dependent calculations 

a r e  being reprocessed.  

D. McCrory 

A joint paper by Dr.  Nisbet and myself was given a t  the 

Spring URSI meeting. 

Nighttime F-Region f r o m  Incoherent Scat ter  Measurements ". 
The paper was entitled "Recombination in the 

A prel iminary write-up of my thesis  was begun using data 
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obtained in the summer  and winter of 1964 a t  Arecibo, Puerto Rico. 

A l i terature  sea rch  was a l so  undertaken with emphasis placed on the 

ionospheric F- layer  and the scattering of radio waves by ionized 

kases .  

One week was spent a t  Wallops Island in support of the Mother- 

Daughter rocket firing. 

The last three weeks in June were  spent a t  Arecibo, Puer to  

Rico collecting data for  my  thesis.  

3 .  Mother-Daughter Rocket P r o g r a m  

J ,  S. Nisbet 

3 .  1 Propagation Experiment 

Two flights of the mother-daughter rocket experiment have been 

made to date,  In the first on 13th January a separation failure of the 

mother  -daughter payload assembly m a r r e d  an otherwise successful 

launch. The separation mechanism was modified on the basis  of a 

thorough analysis of the design and a second and successful  flight 

was obtained on May 19th. The analysis of the resu l t s  of this  exper-  

iment have not been completed but our work to date indicates that high 

quality data throughout the flight was obtained on the mother-daughter 

sys tem.  The probe experiment on the rocket showed a rocket 

potential of about - 2  volts. While final t ra jec tory  information is not 

yet available it appears  likely that the comparison of the probe and 

propagation measurements  will be of considerable interest .  Simul- 

taneous measurements  a t  Arecibo, Millstone Hill and Pr ince  Albert  

were  made during this flight in addition to  observations by a network 

of ionosonde stations. 
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The remaining two flights of the cur ren t  s e r i e s  a r e  planned f o r  

Wallops Island on October 5 ,  1965. 

rockets  on one night when the ionosphere along the flight path is in 

darkness .  

darkness  but fo r  the other the conjugate ionosphere will be illuminated. 

The electron temperature  probe will be modified for  this flight to  

increase  considerably both the range of sweep voltages and the 

sensit ivity,  

photoelectrons can be obtained for comparison with the effects 

observed in the electron density profiles. 

It is planned to launch two 

F o r  one f i r ing the conjugate ionosphere will a l so  be in 

In this way it is  hoped that the spec t rum of the incident 

J. Widmaie r 

The beginning of this past  report  period was mainly devoted 

toward the preparat ions and data reduction of the January 13th flight; 

this  included a correct ion to our  magnetometer and Doppler data using 

the finalized f o r m  of the trajectory.  

The preflight preparation for  the May 19th flight included skeleton 

graphs  and calculations to convert raw data a t  the launch site to a quick 

approximation of final resul ts .  

reduction were  the main i tems  of interest .  

of phase/separation distance versus  e lectron density with 8 (angle of 

propagation w. r .  t.field) a s  a parameter  were  completed. 

g raphs  of how NZ (index of refraction) var ies  with X ( f 2 / f 2 )  for  each 

6 and 12 m c  waves were  obtained using methods described by Budden. 

6 and 12 mc phase graphs fo r  data 

F o r  data reduction curves  

Useful 

n 

Analysis of preflight testing and checkout data were made. Two 
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days were spent a t  Goddard Spaceflight Center while the payload 

underwent vibration and telemetry checks; minor  difficulties were  

corrected.  Then in May a week was spent a t  Wallops Island f o r  the 

preflight checks which included calibration of the individual experi-  

ments ,  t ransmi t te r  and receiver  checks,  e tc .  

Analysis of the raw data f r o m  the 8. 29 flight is well underway, 

The magnetometer data is completed; only the finalized t ra jec tory  is 

needed to  complete the analysis.  

to be 5. 34  m / s e c .  

were  analyzed throughout the flight and the data showed a dropout in 

the 73 m c  signal strength shortly af ter  M-D separation. 

thought to cause the i r regular  effects in the phase data but recent  

t e s t s  a t  Spacecraft  showed that the phase comparator  which, using 

the 73 m c  a s  a reference,  was able to function even at  the -100 dbm 

level  which occurred  throughout the major  portion of the flight. A l l  

temperature  data f r o m  the M-D compartments has  been analyzed; : 

resu l t s  show that within the instrument compartments ,  the tempera-  

t u r e  rose  only a few degrees  throughout the flight. 

Separation velocity was determined 

Singal strengths of the three separating frequencies 

This was 

Complications due to the motion of the payload and dropout in 

the 73  m c  signal strength slowed the data reduction down. Recently 

I have obtained a ve ry  reasonable density profile for  the upleg of the 

flight. 

a t  546 k m  a reasonable profile was obtained. 

6 and 12 m c  phase data s ta r ted  a t  200 and thus the density profile was 

continued to the peak at  950 km. 

yielding ve ry  reasonable resul ts  and density profile shows a c lose 

F r o m  the 12 mc phase data which s ta r ted  a t  280 k m  and ended 

A 20 second overlap of 

The downleg 6 mc phase data is 
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overlap with the profiles f r o m  the upleg. 

t ra jectory is needed to complete our f i r s t  o rde r  approximation to the 

profiles.  Second o rde r  corrections of temperature  vs agc and phase 

will be included shortly.  

Only the finalized f o r m  of the 

3 .  2 M-D Probe  Experiments 

L. C.  Hale 

Two of the probe assemblies  have been launched f rom Wallops 

Island on Argo D-4 rockets.  

During the first launching, in January,  the probe experiment 

functioned normally,  but no useful data was received because of the 

fai lure  of M-D separation. 

interference developed during the launch operations. Between the 

f i r s t  and second launching a filtering sys t em was developed which 

eliminated this difficulty . 

A rather  se r ious  case of radio frequency 

The second launch, on May 19, was successful and apparently 

gave good ion data on ascent  and descent,  and will thus permit  

determination of ion density and tempera ture .  

potentia1 of about 2 volts was acquired by the payload, which p r e -  

vented the observation of electrons by the experiment.  

A ra ther  high negative 

The next experiment is being modified to  yield a much 

g rea t e r  sensitivity to electrons,  and should be capable of examining 

the "hot" e lectron energy spectrum. 

D. Hoffman 

Theoretical  studies were made to  determine the output wave- 

fo rms  of the derivative channel. 

values of the RC t ime constant of the differentiator. 

The resu l t s  were plotted for  various 
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The ion probe was flown on a Javelin rocket on May 19 and a t r i p  

was made to  Wallops Island, Virginia in preparation for  this flight. 

The data is being reduced and ion density profiles,  ion tempera-  

t u r e s ,  and vehicle potentials will be obtained; the final resul ts  cannot 

be  obtained until digital information on the flight t ra jec tory  i s  available. 

P re l imina ry  resul ts  indicate that the measured  ion densit ies a r e  low 

by approximately a factor of four a t  the lower altitudes, 

vehicle potential will be about -2.  0 volts. 

4. F Region Theory 

C. Comstock 

A talk was prepared  and given a t  the Spring URSI meeting on 

The measured  

"A Three Fluid Model Ionosphere". 

and has  been submitted to JATP for  publication. 

A paper was made out of this talk 

An attempt was made to obtain an analytic solution to the t ime-  

varying behavior of a simple model of the F- layer ,  using an equation 

similar to that of Nisbet in Scientific Report  194. 

the Laplace  Transform.  

equation I was unable to  solve. 

ionosphere flux, due to  the ionization and recombination, through the 

boundaries.  But this is an unsolved question. In addition, even if this 

were  known, solutions would be obtainable only fo r  ve ry  la rge ,  and 

ve ry  small values of the t ransform parameter  k, Using Tauberian 

theorems,  the sho r t  t ime,  and long t ime,  solutions respectively could 

be obtained. 

t ransformed equation for  large k that the shor t  t ime behavior of the 

The method used 

Unfortunately the resultant t ransformed 

The solution depends cr i t ical ly  on the 

One can infer  f rom the nature of the general  solution to  the 
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F- layer  appears  to depend on the variable x / t  and is basically some 

combinations of Hankel functions of imaginary argument ,  where 

x = e . However, more  detailed resu l t s  a r e  not available. - Z  

Entered into correspondence with D. C. Carpenter  a t  Stanford 

concerning the electron distribution in the exosphere and the reasons 

for  the sudden discontinuity in the electron density profile a t  about 

4 ear th radii. 

5. Aerodynamic Theory 

D. P. Hoult 

The work on the aerochemistry of supersonic D region probes 

was summarized in an a r t ic le  "Weak Shock Waves in the Ionosphere", 

which appeared in the J . G . R .  Vol. 69, No,  21. 

Analysis was c a r r i e d  out for  supersonic probes with sha rp  

nose cones, such that the shock generated was a weak shock. 

about 90 km, the problem was sti l l  amenable to continuum approach. 

Up to 

In the a r t ic le ,  an analytical expression was obtained to account 

f o r  the effects of weak shocks on the measured  ion concentration. The 

r e su l t  was compared with an equilibrium calculation, which was shown 

t o  be f a r  too pessimist ic .  The effects of impurit ies were a l so  discussed. 

The essent ia l  chemical reactions were discussed in the analysis.  

The total  percentage change of any species was shown to be the sum 

of the change due to  density jump and the change due to finite ra te  

react ions.  

r a t e s  t imes  with the appropriate number densit ies led to the conclusion 

4- that  the percentage changes of n(Az ) were caused only by the density 

Examination of the orders  of magnitude of the reaction 
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jump a c r o s s  the shock. 

and n(e) due to chemical reactions could not be ignored at lower 

altitudes . 

However , the percentage changes of n(Ai  ) 

A typical computation was c a r r i e d  out f o r  a Mach 2 probe. 

t Equilibrium calculation gave a n(Az ) percentage change of 70, while 

the weak shock wave yielded only 0.50. 

chemical reaction added another 0. 12 at 10 c m  behind the shock to 

make it a 0. 62 total  percentage increase.  

exponential decrease  in the number of molecules,  the reaction 

A t  50 km, for n(Ai ), the 

i 

Above 70 km, due to the 

contribution was negligible. 

It was a l so  shown that in the presence of sodium, owing to  the 

exponential dependence of K on temperature ,  the percentage change 

in  K was of o rde r  ten. 

the e r r o r s  introduced by an order  of magnitude. 

Hence the effects of impurit ies could raise 

Work will continue on this problem and other problems 

originating in the interpretation of the probe measurements  when 

i n  the vicinity of the mother assembly. 

During the l a s t  three months, calculations on compressibi l i ty  

effects on D-region probes have been pearsued. 

calculations will be soon complete. 

Incompressible Media'' was written which gives an amplification 

process  f o r  the magnetic field in a sunspot. 

accepted by Physics of Fluids, "The Effect of a Magnetic F ie ld  on the 

Stability of J e t  o r  Wake" and "The Helical  Motion of a Sphere i n  a 

Magnetic Field". 

It is hoped that these 

A paper "Akfven Waves in an  

Two papers  were 

Experimental  studies of the etatist ical  properties of high altitude 
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turbulence as derived f r o m  electron density measurements ,  made 

a t  Arecibo, was pursued. These studies are still preliminary.  

Two papers  were published, "The Round Laminar  Je t  in an 

Axia l  Magnetic Field" , Phys. Fluids May 1965 and I'D Region Probe  

Theory", Journal of Geophys. Res. July 1965. 

5. Langmuir Probe Theory 

D. P. Hoult, L. C. Hale and T. J. KUQ 

The problem a r e a  covers the essen'ilal physics of the 

operation of probes fo r  the measurement  of the number densities of 

charged par t ic les  in the D region. The significance of such an 

experiment is first, that  positive and negative ions a r e  not observable 

by ground based techniques, and second, t he  e x p r i m e n t a l  determina-  

tion of the number densit ies of positive ions, rnsgative ions, and 

electrons is a necessary  first s tep in understa-ding the complex 

chemical s t ruc ture  of the D region. 

To avoid shock wave effects, planar prcbes with parachutes 

were  launched into the D region and the cur ren t  S.;, a known a r e a  of 

the nose was measured.  

probe to  100 m / s e c ,  which was about 0 . 3  Mac3 ziimber. 

variation in mobility and diffusivity, and the effects of chemical 

reactions a r e  all 0 (Mach number)', the first o r d e r  approximation 

The parachute slowed down the velocity of 

Since the 

of this  problem is an  incompressible flow. 

f i r s t  approximation was summarized in an a~tPcZe "D Region Probe  

The work done on the 

Theory", which appeared in the July issue of tl-._~ J. G. R. 

The a r t ic le  gives analytical relationships between positive ion, 

negative ion and e l t ; c t r ~ n  densities and the c2rren.t to  the probe and 
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the probe voltage, which a r e  essent ia l  for  measurement  interpretation. 

These relationships a r e  formally analogous to  Gerdien condenser 

theory. 

Due to  the small concentration of charged par t ic les  in the flow, 

the fluid mechanical motion can be tackled independent of the motion 

of the charged particles.  

problem. 

f r o m  the charge distribution, rendering the vacuum field simplification. 

This is due to the ve ry  low number density of charged particles 

(CY * 0(1) ) and the high wall potential (+w >> 1). ’ 

This uncoupling great ly  simplifies the 

Also the electr ic  potential about the probe can be uncoupled 

It is then shown that, for a negatively charged probe, the region 

where positive ion diffusion is important is v e ~ y  much thinner than the 

laminar  boundary layer.  

on the e lec t r ic  field a t  the probe surface. 

occur principally in determining the negat:ve ion cu r ren t  to  a 

negative probe, as  is explicitly worked out for the case  of a disc. 

Hence the positive ion cur ren t  depeneia ohly 

The effects of convection 

It is a l so  shown that, for  a positive probe, the electron cu r ren t  

completely dominates a19 other effects. 

measu re  negative ion densities with a positive probe. 

Thus it is impossible to  

F o r  a sample calculation, the flow over a charged disc  of a 

fixed voltage is considered. 

number densit ies and cur ren t  to a small a r e a  at the center  of the d isc  

is established. In this special  case ,  it is shown that the negative ion 

cu r ren t  to a negative disc is very sma l l  compared to the positive ion 

current .  

The relationship between voltage, 

Besides the work done on the incompressible approximation, 

the effects of compressibil i ty a r e  now being under study. 
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6.  Mass  Spectrometry 

B. R .  F. Kendall 

Most of the work car r ied  out during this  repor t  period was 

concerned with the Vacuum Chamber mentioned in the previous report .  

The chamber i s  intended to  provide a simulated space environment 

for tes t s  on experimental  m a s s  spec t rometers .  La rge  components 

were  constructed by outside contractors ,  with cohsiderable work on 

smal le r  i t ems  being done by the Electr ical  Engineering, Engineering 

and Physics machine shops.  

The high-vacuum chamber i s  now being used routinely, with 

only occasional interruption for  servicing or fo r  connection of 

accesso r i e s .  A gas inlet system, absolute p r e s s u r e  gauge, bell-jar 

hoist ,  and a set  of oil migration baffles have been designed, built 

and installed. 

used a s  a gas composition monitor a r e  being made in order  to improve 

its performance and provide more  working space in the chamber .  

Modifications to the time-of-flight m a s s  spectrometer  

A bakeout oven, a pulse amplifier and an  electron multiplier 

power supply have been built and tested with sat isfactory resu l t s .  

ion pump power supply has also been constructed.  

needed for use with various types of pulsed non-magnetic m a s s  

analyzers  which a r e  at present in the ear ly  stages of development. 

An 

These units a r e  

Work has  been revived on the Adsorption T r a p  project and a 

model i s  being built. 

study of the propert ies  of adsorbent-lined vacuum manifolds. 

expected that the resu l t s  will be applicable to  space simulation 

problems.  

The project i s  based on an ea r l i e r  theoretical  

It i s  
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Measurements  of the eqtiilibrium g a s  p r e s s u r e s  and gas 

composir :t7-- s in the presence  of thermo-elect r ical ly  cooled art if icial  

zeolite were  made ,  

hydrocarhops and simultaneously a s  a source for  Nz and 0 2 .  

a mechacical  vacuum pump has exactly opposite charac te r i s t ics  (pumping 

Nz ar*d 0 2  while either releasing o r  not pumping the other gases)  the 

cornbination of the two procedures  may offer a s imple method of 

simulariitg p r e s s u r e s  cor respondhg to nltitudes of up to  about 125 km. 

Work i s  contimirig 

The zeolite acted as  a pump for  HzO, CO? and 

Becaiise 

on a n  improved sys tem of this type, 

An electron beam switching t u b e  w a s  designed, built and tes ted 

as  a special  pioject  by an undergraduate working  under supervision. 

It i s  hoped that it w;ll be u s e f u l  for time!- scac  conversion ar-1 

data processing work k the laboratoiy.  

Theoret"ca1 arLal\;ses were  c a r r i e d  OL-, oJ, \ ' LJ  D e i  of r(o- ro3!,1- r c 

t ransfor rn  generators  nfhich a p p e a r  $ 0  h a v e  g r > \  ' a1 P o s s i b I l i t l e s  

An absolute p r e s s u r e  g a u g e  based li' 111 mot ~ C J L  

small par t ic les  has  a l so  beer  s'cldiid theo re r i  2 '  ec ert  develou- 

ments  in eleetr ostatic suspersion make  +he appx aach zsnear  

promising , 

Three  r e s e a r c h  stsiden: s are r o w  worA ' og  toward? t h e i r  M a  -T.L w F  c 

degrees  in the laboratory 
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7. Paper  Publications, etc. 

The following RaDers have been Fublished: 

"On Wave Propagation in  a Random Medium" by Craig Comstock. 
Published in J. G. R., Vol. 70, No. 9, 2263-2264, May 1, 1965. 

I'D-Region Probe  Theory" by David P. HouEt. Published in J. G. R 
V O ~ .  70, NO. 13, 3183-3187, July 1, 1965. 

"Electron Temperature  and Density Fluctuation in the Daytime 
Ionosphere" by J. S. Nisbet and J. Doupnik, J. Geophys. Res. 

"Simple, Stable, and Reliable Transis tor ized D. C. Amplifiers 
by L. C. Hale, J. S. Nisbet and C. K. W i l k ,  P.E.E.E. Trans.  
on Instrumentation and Measurement.  

No, 242. 
Ionograms" by R. Vest, June 1, 1965. 

"An Application of Sampling Thzsry  to  the Reduction of 

No. 246. "Least Squares Reduction of Bottomside Ionograms" by 
J. M. Grebowsky, August 15, 1965. 

The following papers  were presented a t  scientific meetings: 

"A Three-Fluid Ionospheric Model" by Craig Cormstock. 
at the AGU-URSI-PEEE Meeting in Washingtcn, D. C . ,  Apri l  19-23, 
1965. 

Presented  

"Application of Leas t  Squares to the Reduction of Bottomside 
Ionograms" by J. M. Grebowsky. Presented at the AGU-URSI-IEEE 
Meeting in Washington, D. C. ~ Apri l  19-23, 1965. 

"Prel iminary Measurement and E r r o r  Analysis of D-Region, 
Rocket Ion Density Measurements" by D. P. Hsult, L. C. Hale and 
R. G. Wil l i s .  P resented  at the AGU-URSP-IEEE Meeting in 
Washington, D. C. , Apri l  19-23, 1965. 
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